Summary.-The technique of labelled mitoses was used to examine cell proliferation within grafts of human colonic and rectal tumours in immune deprived mice. Most of the data were obtained on the first passage but in some cases up to the third passage was used. It was found to be difficult to obtain precise kinetic data on this type of tumour material, but the results did allow some estimates to be made, particularly of the duration of the G2 and S phases of the mitotic cycle. The average G2 duration was 6 h and the average S phase was 14 h. It is concluded that whilst xenografts may differ in a number of respects from the tumour in the patient, they nevertheless constitute a type of experimental tumour that is worthy of further study.
IN RECENT years the successful graftinig of human tumouirs into immune deprived animals has been reported from a number of laboratories (Phillips and Gazet, 1970; Povlsen and Rygaard, 1971; Castro, 1972; Cobb, 1972 Cobb, , 1974 Arnstein et al., 1974; Giovanella, Stehlin and Williams, 1974) . Xenografts of human tumoturs provide a further type of experimental tumour for research into the nature and the treatment of cancer. However, because they often have a close histological similarity to the donor tumour (Cobb, 1973) there is a temptation to think that the xenograft is similar in other ways to the tumour in the patient and that tests carried out on the xenograft, for instaince of response to chemotherapy, can immediately be applied to the benefit of the patient. At this stage in the investigation of human tumour xenografts, it is important to concentrate on finding out to what extent the xenografted tumour does behave like the residual tumour in the patient and how it differs.
The work (lescribed here was an attempt to examine the cell kinetic behaviour of hunman tumour xenografts in mice. Available data on the duration of the mitotic cycle and its constituent phases suggest that proliferation is more rapid in mouise tumouirs than in human tumours, and that a particularly marked difference exists between the duration of DNA synthesis in the 2 species (Steel, 1972) . Since many chemotherapeutic agents are proliferation dependent, it is of considerable iinterest whether the xenografts have a mitotic cycle that resembles that of human or mouse tutmouirs. This report will concentrate on the growth kinetics of xenografts of tumours of the human colon and rectum during the first 1-3 transplant generations.
MATERIALS AND METHOD)S
Imn aune deprived animals. Syngeneic CBA/lac mice, both male and female, were used throughout this study. The original stock was obtained from the Laboratory animals whole body radiation of 900 rad. Irradiation was given at 60 rad/min using a 220 kV x-ray machine, h.v.l. 0 4 mm Cu, focal distance 100 cm, or at 60 rad/min from a 60Co source. Within 6 h the mice were given an intravenous injection of 5 x 106 syngeneic bone marrow cells. These were obtained by flushing out the femurs and tibias of syngeneic donor mice with chilled medium TC199, then dispersing the cells by gentle agitation. In some instances thymectomized donor mice were used, but we have no reason to believe that the growth of the transplants was improved Mice were used for tumour transplantation after a delay of at least 3 weeks.
Graftinq procedure. Wherever possible, the colonic and rectal tumours were inspected in the operating theatre and a piece was obtained from the invading margin of the tumour. The specimens were put immediately into tubes containing TC199, which were sealed and placed in a vacuum flask containing ice for transport to the laboratory. Although the TC199 contained both penicillin and streptomycin, it was felt desirable also to add gentamicin at a concentration of 500 jug/ml. When it was not possible to obtain tissue for transplantation during the operation, it was obtained within 1 h of resection. All specimens were cut into pieces of approximately 8 mm3 for implantation. Bilateral implants were made subcutaneously over the posterior rib cage. Adjacent pieces of tumour were also retained for histological examination. As a precaution against pathogens, including infective hepatitis virus, gloves and masks were worn whenever unfixed tumour material was handled.
Tumours were measured twice weekly using calipers. Three dimensions were recorded and a volume estimate was obtained as i7/6 times the cube of the mean diameter.
Source of the tumoutrs.-The work described in this report was begun by one of us (L.M.C.) in the Pathology Department of this Institute. Extensive studies were made of the transplantability of human tumours into immune deprived mice and hamsters and this series of xenografts was given a . P " designation (Cobb, 1972 (Cobb, , 1974 sion. The exposure time was up to 6 weeks, after which the sections were stained with haematoxylin and eosin. Duplicate slides from a few blocks were dipped with each h)atch of slides and developed approximately 2 weeks before the expected development timne. The appearance of these test slides was used to judge the best time of development. The criterion for this decision was to expose until the autoradiographic image over some cells was beginning to obscure their inorphology; to expose longer would lhave risked failing to recognize some heavily labelled mnitotic figures.
All the autoradiographs were scored by one of us (R. G. P.) using a slide labelling system that concealed the time interval at which the specimens were taken. The nitotic and labelling indices were estimated by counting 10,000 cells from the first tumnour or biopsy from each series. Estimates of the proportion of labelled mitoses were b)ased on counts of at least 75 metaphase or anaphase figures. For each mitotic figure, a record of the grain count was also made to enable the criterion of autoradiographic positivity to be decided at a later time.
Examination of grains over metaphases in slides taken withini 1 h of thymidine iinjection suggested that a criterion of 4 grains would be the correct choice, but the reliability of the deductions from the labelled mitoses curves was also assessed by analysing curves plotted for various counting thresholds. Analysis of the data was performed by the optimizing computer programme described by Steel and Hanes (1971) . Growth fraction w-as estimated as the ratio: Growth experimental labelling index fraction theoretical labelling index of proliferating cells The theoretical labelling index was calculated by a computer programme which integrated the age distribution for proliferating cells (Steel and Hanes, 1971 ).
RES ULTS
Growth curves for 4 of the tumours in their first passage are shown in Fig. 1 . There was considerable variation among the implants of each transplant generation. In most cases the tumours grew steadily but with a clear tendency to level off on the semi-logarithmic plots. As has beeni widely observed in studies of the growth of syngeneic tumours in mice, it is not possible to define an exponential phase of growth; the volume doubling tinme increases progressively with the age (or size) of the tumour. Although this regular growth pattern was frequently observed, there were many tumours that behaved irregularly. Abrupt changes to a faster or slower growth rate were observed in a proportion of the tumours and some tumours regressed to the point at which they could no longer be palpated.
The labelled mitoses curves are shown in Fig. 2-4 . In each case the fuill line indicates the curve that is the best fit to the experimental data, calculated by the method of Steel and Hanes (1971) . As will be stressed in the Discussion, this method of analysis can only give reliable information on the parameters of the cell cycle when the theoretical curve is a good fit to the data. It can be seen that with the possible exception of X 14/1, the data that define the first peaks are well fitted. This implies that the deductions about the durations of the G2 and S phases are reliable, although of course the precision (particularly of the estimates of standard deviation) is limited by the small number of experimental points and the scatter that they show. As regards the second peaks in the labelled mitoses curves, the data are not as well fitted. The fit may be judged to be adequate for P76/3, P184/3, HX23/l, HX18/1 and HX18/2. In HX12/1 there are insufficient data to define a second peak although an early second peak can be ruled out. The other curves show to a greater or lesser degree some discrepancy between the theoretical curves and the data. In each case, the discrepancy is of the type that may be termed " fade " (Steel, 1972) . The experimental points beyond the first peak predominantly fall below the best theoretical curve, defining a second peak that has a smaller area than the first. In this situation, it is not possible to aii(t treated1 with hypotonic p)otassiumn chloride, after which air dried preparations were made as described bv Reeves (1973) . (Lipkin, 1 971; Terz, (urutchet and Lawrence, 1971) .
Much of the (lata obtained on human tumouirs in situ has been reviewed by Steel (1972) , who concluded that whilst the available data often have defined with reasonable accuracy, the first peak of a labelled mitoses curve, the informatioii on the position and shape of the secon(I peak has been less precise. The miiost (detaile(l stli(lies Slave shiowni that the second peaks are very flattened, with a poorly defined second rise in the curve. These characteristics imply that whilst the duration of the DNA synthesis (S) phase is reasonably well defined, the duration of the GQ phase and the whole cell cycle show great variation among the cells that make up a tumour. Within the group of 8 detailed studies on human tumours that were reviewed by Steel (1972) , the median duration of the S phase ranged from 12 to 30 h, with an average of 20 h.
Among tumours in experimental animals, considerable variation in the results of labelled mitoses studies has been observed, depending in part on the number of transplantation passages the tumours have undergone. Among primary tumours in rats and mice, the curves have shown poorly defined second peaks. A broad distribution of intermitotic times may therefore be characteristic not only of human tumours but of any primary cancer. Within the review cited above (Steel, 1972) , the median duration of the S phase in transplanted mouse tumours ranged from 5 to 10 h. In primary C3H mammary tumours the extensive work of Mendelsohn (1965) has established a median S phase duration of 10 h, and in the first generation transplants a value of 7 h has been found (Denekamp and Thomlinson, 1971) . Such a shortening of the S phase in the first transplantation passage might also be expected in grafts of human tumours.
The present data on human tumour xenografts may be seen in this context. The median S phase durations range from 10 0 to 19 6 h, with an average of 13*6 h. (Fig. 4) . The data show little change in the proliferative state of the tumour cells, although the median S phase duration shortened from 14-8 to 11-8 h.
We have found it difficult to draw reliable conclusions about the growth rate of the xenografts. Although some estimates were ma(le of the growth of tumour volume, as shown in Fig. 1 , the histological characteristics of the tumours have led us to doubt whether these data give useful information on the growth rate of the neoplastic cell population. Many of the colonic tumours contained large amounts of mucin and intracellular substance, and since the proportion of this material probably changed with tumour size, the cell population doubling time cannot be derived from the volume data. No doubt a similar criticism could be made of studies that have been performed on the in situ growth rate of some human tumours (see reviews by Steel and Lamerton, 1966; Charbit, Malaise and Tubiana, 1971) . Because of this uncertainty in cell population doubling time, we have not presented estimates of cell loss factor (Steel, 1968) although rough calculations show that as the tumours grew to 1 g or more in size, cell loss must have been an important determinant of growth rate. The present series of investigations into the growth characteristics of xenografts of human colorectal tumours has led to the conclusion that whilst the grafts probably differ in some important respects from the original tumours, they nevertheless provide a type of experimental tumour that has advantages over transplanted murine tumours. At the present time it is uncertain whether studies of early xenografts of a human tumour could be of benefit to the patient from whom the tumour tissue was taken, but it is likely that they may yield useful general information on the therapeutic response of slowly growing tumours. Studies of this type are now being pursued in this laboratory.
